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COMPLETE SPECIFICATION 

Reduction of Iron Oxide Ores 



We, J.C.I. Metal Holdings (Propriet- 
ary) Limited, a Company organized under 
the Laws of the Republic of South Africa, of 
Consolidated Building, Corner Fox and Har- 
rison Streets, Johannesburg, Republic of 
South Africa, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following statement : — 
This invention relates to a process and 
apparatus for reducing iron oxide ores to 
produce metallic iron. In particular, the in- 
vention may be used for the direct manu- 
facture of steel without a separate conversion 
operation. 

It is well known that iron oxide ores can 
be reduced in the solid state to produce 
metallic iron. This is the basis of most of 
the so-called direct reduction processes. A 
solid carbonaceous reducing agent such as 
coke, anthracite or bituminous coal is often 
the most convenient reducing agent. It is 
also well known that the intimacy of contact 
between the ore and the reducing agent as 
well as the temperature of the reduction have 
a pronounced effect on the rate and the com- 
pleteness of the reduction. 
The present applicants' British Specification 
30 No. 1,087,306 describes a process for reducing 
iron oxides to produce metallic iron which 
comprises mixing finely divided iron ore with 
finely divided medium to strongly coking 
coal; forming the mixture into pellets; heat- 
ing the pellets in a shaft kiln at a temperature 
at which the CGal carbonises to coke and the 
iron ore is partially reduced, a flow of pellets 
being maintained through the shaft by supply- 
ing pellets at the top of the column of pellets 
in the shaft and discharging them over a dis- 
charging edge at the base" of the shaft, the 
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column adjacent to the discharging edge pre- 
senting a surface exposed to heating gases 
which pass up through the column; and pass- 
ing the heated pellets discharged over the said 
edge out of contact with air to a furnace 
containing a turbulent melt of iron and slag 
wherein the final reduction of ore to metal 
is completed. In that process a substantial pro- 
portion (e.g. 50% or more) of the iron oxide 
is reduced in the shaft kiln. 

It may be found in that process, and in 
ether processes in which pellets of finely 
divided iron ore and carbonaceous reducing 
agent are heated to effect a preliminary partial 
reduction in the solid state, that some ad- 
hesion of the pellets to one another may 
occur during this operation, and one solution 
to this problem is to mix an excess of rela- 
tively finely divided carbonaceous material 
with the charge of pellets. This has the effect 
cf reducing the areas of contact between in- 
dividual pellets. However, it has the disadvan- 
tage that there is an excess of carbon present 
in the resulting iron so that a separate conver- 
sion step is required in order to form steel. 

According to the present invention, granu- 
lar carbonaceous material smaller in size than 
the pellets is mixed with a charge of pellets 
in sufficient quantity to eliminate or diminish 
adhesion between the pellets, the mixture is 
heated in a shaft kiln so that the iron oxide 
in the ore is at least 90% reduced by carbon, 
the material discharged over a discharge edge 
at the base of the shaft is screened, out of 
contact with air, to separate granular car- 
bonaceous material from the reduced pellets 
before the latter are admitted to the final 
steel melting furnace, and the screened car- 
bonaceous material is cooled, still out of con- 
tact with air, to a temperature below that at 
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which combustion would be sustained and is 
rc-evded to the pellet charge. 

Bv greening out the surplus relatively 
iinel'v divided carbonaceous material, the 
5 charge of reduced pellets for the final reduc- 
tion furnace need not contain an excess or 
carbo:s. ?o ihat steel can be produced directly 
in the furnace without a separate conversion 
operation. 

1-) Some or all of the hot gases from the top 
cf 'ihe column in the shaft hiln may be passed 
ihrouch a drying oven for hardening and 
circiihcnins tha pellets on their way to the 
shiff kiln. If a conveying drying oven is used 

]■■; iiiis cin be inclined so as to serve also as a 
means cf elevating the pellets, e.g. into a 
mixinc and feeding hepper which feeds «k 
mature into the shaft kiln. 
* 'The invention mav be performed in various 

-> , i-vv< and a specific embodiment will new be 

~ described bv wav of e::ample with reference 
to the accompanying drawing, which is a dia- 
«r-im r f a plant in which the said embodiment 
Sw ci-ried out. Referring to the drawing, a vcr- 

25 tWl'vbafr kiln 10 is provided the lower end 
cf which communicates with a combustion 
chamber II equipped with a burner 12 jor 
burninu a fuel such as gas or oil to pro, dc 
hot ?a*>es for heating the charge !-■> ik. 1 ., 

30 shaft"' These hot eases may consist essentia:-*- 
cf carbon dioxide and monoxide, water vapour 
and hvJrcgen. There is a feed hopper K- 
ccnimunicaiir.s v;ith the shaft through wnicli 
can h: admitted a charge consisting or a mi:> 

35 tare of dried pellets, say 3/8 to j/4 m 
d \mcter, and granular carbonaceous material 
st"h as coke b?ee,e say 1/S" to 1/4" in sac. 
The floor 15 at the bottom of the shaft has 
a di^har^i:^ cd«e 16, the charge 13 resting 

40 on the floor and forming a sloping hnng 
surface 17 at its natural angle of repos. 
above die discharging edfze 16. The charge is 
continuously discharged over the discharg- 
ing cd«*e in the wav described in relation to 

4* Fi«ure^ of the aforementioned British Patent 
SpWication Xo. 1.0is7,306. However, any 
ether suitable form of discharging edge, 
mobile or stationary could be used. The slop- 
ing iirins surface 17 of the charge is exposed 

50 to" the combustion chamber 11, and the hot 
combustion eases pass in through this surface 
and up through the shaft 10, thereby heating 
The chir-e H to a temperature which may be 
in the range 1050 to 135<FC at the firing 

55 surface 17. 10 
Prcferablv the air supply to the burner 12 
is rc^ircied so that the combustion of the 
f re l »as or oil is incomplete, to dimmish 
i lie cnriion dioxide and water vapour contents 

«;i i; f the combustion gases as compared with 
' v ; ivu would be produced by complete com- 
biMion <-T the fuel from the burner This 
rcdu ■**■-■ tlr consumption of the coke breeze 
vlrch'V added to the charge in the hopper 

(V t ! Th - t ■■mperaturc in the combustion cham- 



ber 11 is maintained in excess of 900 J C. In 
the shaft 10, reduction of the carbon dioxide 
and water vapour will occur so that the gases 
passing up the shaft will consist of more 
carbon monoxide and hydrogen than in the 70 
combustion zone. If desired., air may be ad- 
mitted through inlets 18 about half way up 
the charge in the shaft to burn some or all 
the carbon monoxide and hydrogen, thereoy 
providing additional heating, of. the charge. 75 

From^ne shaft above the upper surface 19 
cf the charge some or all of the rising hot 
jjasss are extracted via a conduit 20 and 
p-Ks through a conveyor type drying oven 21 
in the direction of the full line arows. This 80 
oven is inclined upwardly and contains an 
endless belt convevor 22 which moves in the 
direction of the broken line arrows. This con- 
vevor receives at its lower end 23 moist 
pellets from a hopp;-r 24 and carries them up S5 
in ccunterflow to the hot gases, whereby the 
pellets are dried and the gases are cooled. 
The pellets are discharged from the upper end 
of the conveyer 22 into the shaft hopper 14, 
while the new cooled gases are discharged 90 
from the lower end of the drying oven, for 
instance bv means of an extractor fan 25. 

The reflets can be formed from a mixture 
cf finch' divided iron ore and finely divided 
weakly to strongly coking coal or ether car- 95 
bonaccous material. 

In the shaft hopper 14 these pellets are 
mixed with finely divided coke breeze, some 
or all of which has been recycled through a 
line 26 in a manner to be described. The mix- 10U 
in" proportions are such that at the firing sur- 
face 17, where the pellets are somewhat sticky, 
they are prevented from contact with one an- 
other by intervening particles of coke breeze, 
lime or limestone may be added to the Kb 
charge to flux the gauge in the ore and in 
the ash when the pellets are subsequently 
melted. The gangue is usually high in silica 
and often contains alumina, which constitu- 
ems will form a slag when the pellets are 110 
melted in the furnace 28 referred to below. 
Limestone or dolomite can also be added to 
the charge to absorb sulphur which is gener- 
ally present in carbonaceous material. 

The charse of partially reduced pellets and 115 
coke breeze which has not been consumed 
in the shaft is discharged over the discharg- 
ing edge 16 into the bottom of the com- 
bustion chamber 11, which comprise a down- 
wardly sloping screen 29. The screen apertures 120 
are larse enough to allow the coke breeze 
particles to fall through but are considerably 
smaller than the pellets, which roll down over 
the screen into an insulated feeding hopper 
30 from which they are fed whilst still hot 125 
in to the furnace 28, which may be a conven- 
tional electric arc smelting furnace. 

The coke breeze which has passed through 
the screen 29 enters a cooler 31 where it is 
cooled, as by water sprays 32, to reduce its- 130 
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temperature from the 1000°C temperature 
of the ccmbustion chamber 11 to about 
300°C or Jess. At the latter temperature the 
coke brecve will not sustain combustion in 
5 the presence of air and may therefore be 
discharged from the cooler 31 into normal 
atmospheric conditions, whereupon it can be 
recycled by any suitable means (here indicated 
by the line 26) for mixture with fresh dry 
10 pellets in the shaft hopper 14. 

The cooled coke breeze can also be passed 
over a magnetic separator 33 to remove any 
ircn which may result from broken pellets. 

The proportions of iron ore and coal used 
15 in making the pellets are preferably con- 
trolled so that the amount of carbon is suffi- 
cient for reducing at least 90% of the iron 
oxide to the metallic state but is not in large 
stoichiometric excess. Even taking into account 
20 the amount of additional carbon that may 
enter the electric arc furnace 28 in the form 
of particles of coke breeze adhering to the 
pellets, the amount of carbon present may be 
such that steel will be formed in the electric 
25 furnace 28. 

In the initial formation of the pellets a 
binding agent may be used to increase the 
strength of the pellets. 

WHAT WE CLAIM IS: — 

30 1. A process for reducing iron oxides to 
produce metallic iron or steel which comprises 
mixing finely divided iron ore with finely 
divided carbonaceous reducing agent; form- 
ing the mixture into pellets; mixing with 

35 the pellets granular carbonaceous material 
smaller in size than the pellets, in sufficient 
quantity to eliminate or diminish subsequent 
adhesion between the pellets; heating the mix- 
ture in a shaft kiln so that the iron oxide in 

40 the ere is at least 90% reduced by carbon, 
a flow of the mixture being maintained^ 
through the shaft by supplying mixture at . 
the top of the column of mixture in the 



shaft and discharging mixture over a dis- 
charge edge at the base of the shaft, the 45 
column adjacent the discharge edge presenting 
a surface exposed to heating gases which pass 
up through the column; screening the mix- 
ture discharged over the discharge edge, out 
of contact with air, to separate granular car- 50 
bonaceous material from the reduced pellets; 
passing the hot separated pellets, still out of 
contact with air, to a furnace containing a 
melt of steel wherein the reduced pellets are 
melted to steel and slag; cooling the separated 55 
granular carbonaceous material, still out of 
contact with air, to a temperature below that 
at which ccmbustion would be sustained; and 
recycling the cooled, granular carbonaceous 
material to the pellet charge. 60 

2. A process as claimed in Claim 1 in 
which at least some of the hot gases from 
the top of the column of mixture in the shaft 
kiln arc passed through a drying oven for 
hardening and strengthening the pellets on 65 
their way to the shaft kiln. 

3. A process as claimed in Claim 2 in 
which an inclined conveying drying oven is em- 
ployed which serves also to elevate the pellets. 

4. A process as claimed in any of the pre- 70 
ceding claims in which the proportions of 
iron ore and coal used in making the pellets 

are controlled so that the amount of carbon 
present in the reduced material entering the 
furnace is such that steel is formed in the 75 
furnace. 

5. A process for reducing iron oxides to 
produce metallic iron or steel, substantially 
as described with reference to the accom- 
panying diagrammatic drawing. so 

6. Iron and steel which have been produced 
by processes as claimed in any of the preced- 



ing claims. 



KILBURN & STRODE, 
Chartered Patent Agents, 
Agents for the Applicants. 
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